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1. PURPOSE 
The Innovative Coastal-Ocean Observing 
Network, ICON, Is a partnership of government, 
academic, and industrial entities funded by the 
National Ocean Partnership Program (NOPP). Its 
goal is to bring together modern measurement 
technologies, to deve'op new technologies, and to 
integrate them w·thin a data assimilating coastal 
ocean circulation model. Data is current'y being 
collected in near real-time from moor'ngs, tomo-
graphic arrays, and land-based HF radars (Figure 
1). Variables measured include temperature, 
salinity, water and wind velocity, and b10-optical 
properties. These measurements, together with 
other data acquired via ship and satellite, are 
being integrated into a cohesive picture of the 
coastal environment in Monterey Bay, California. 
The goal of this pro1ect Is to demonstrate both the 
scientific and societal applications of such an 
integrated system. and to evaluate the minimum 
suite of instrumentation necessary to successfully 
constrain the numerical model. 
ICON was 1nit ated in September 1998 with 
funding for two years. While elements of the 
observing systems were being operated by 
several different institutions prior to NOPP fund ng, 
there was no concerted effort to create an 
integrated network NOPP funding Is mak ng 11 
possible to use these data In a more coordinated 
way, and to evaluate the impact of these systems 
on numerical model s1mulallons of coastal ocean 
circulation and primary productivity. 
This paper w,,I concentrate on the techn cal 
aspects of designing, deploying, and operating this 
prototype observing system. The numer ical 
modeling and data ass m1lation aspects of the 
project will be addressed in the companion paper 
by Shulman et al. 
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Figure 1. Overview of ICON observing systems 
and modeling domain with SST patterns from 3 
Nov. 1994. Subsamples from daily averaged 
surface current vectors from the three-site HF 
radar network around Monterey Bay (•) are shown 
along with the extended coverage area (---) from 
planned sites to the south \ .)). Real-time acoustic 
tomography sections are available from Davidson 
and Pioneer Seamounts via hydrophones cabled 
to shore at Pt. Sur (!USS). Meteorological and 
oceanograph rc data are being telemetered to 
shore from mooring sites M1. M2, and M3 and will 
be te,emetered from M4 beginning Sept. 1999. 
2. PARTNERS 
ICON partners derive mostly from 1nslitutIons 
in central Cahfornia, but they include investigators 
from Michigan and Mississippi (Table 1 ) . 
Individual responsibilities are aligned, primarily, 
with particular measurement or modeling systems, 
TABLE 1. ICON PARTNERS A.ND RESPONSIBILITIES 
Institution I Principal Primary Respons ibilit ies 
Investi gator 
Naval Postg•aduate School (NPS) 1 Jeffrey Paduan I Pro1ect managemer t & HF radar-based 
I data ass1m1lation I 
1 Leslre Rosenfeld QC and analys,s of moored physica l I oceanoaraoh1c and meteoro loaical data ' 
Steve Ramp M4 moorina ooerat1on & data anatvs1s 
Curt Collins Shioboard hvdroaraohrc measurements 
Chin o-Sana Chiu Acoust ic tomoaraohv 
Newell Garfiel:d Satellite remote sensin a 
Monterey Bay Aquarium Research Francisco Chavez Delivery of real-time moo red data & 
Institute (MBARI) analvsrs of bio-ootical data 
Cal ifornia State Univers ity Monterey Daniel Fernandez HF radar operation & algorithm 
Bav (CSUMB ) develo oment 
Univers itv of Mich iaan (UM) John Veseckv HF radar construction & deve looment 
Hydro-Optics, Biology and lnstru• Robert Maffione Marine optics instrumentation 
I mentat ion (HOBI) Lab., Inc. develo oment & data inter oretation 
Univ. of Southern Mississiooi (USMl loor Shulman 1 Numer ical modelino & data assimilation 
Codar Ocean Sensors, Ltd. (COS) Donald Barrick 1 HF radar maintenance & develooment 
Naval Research Lab., SSC fNRLl l John Kindle 
but overlap is common and desirable. ICON 
partners share data, models, equipment, ship 
time, people and ideas . Already, rt has become 
clear that frequent communication is a necessary 
ingredient for success. Some personne l transit 
regularly between two or more mstrtutrons, while 
cross-country conference calls and e-marl support 
long distance collaboratrons . In th•s regard, the 
baste strategy of NOPP. to foster nter-mstrtutional 
cooperation by funding ,oint research proiects. is 
clearly well founded. 
3. PIECES 
ICON cons ists of three ma1or ooserv ing 
components : 1) deep-ocean moorrngs. 2, shore • 
based HF radar sites. and 3) acoustic tomography 
sections . Critical 1nlormat1on 1s also contr ,buted by 
satel lite-based sensors and sh ip-based hydro -
graphic data. The mooring component builds on 
three surface moorings (M1, M2, and M3 ) 
previous ly deployed by MBARI in a cross -shore 
array through the center of Monterey Bay (Figure 
1 ). A fourth mooring (M4), built and soon-to-be 
deployed under ICON auspices, will extend the 
array in the along-shore dimension . The moor ings 
support a variety of meteorological and oceano -
graphic instruments, both surface and subsurface. 
Data is collected from most ins1ruments at 10-min 
intervals (less often at some) and data from all 
instruments is telemetered to shore via packet 
Rearonal-scale model fields & bio-ootics 
radio. nomma ,1y at 1-h intervals. Some instru -
ments also record data interna lly. The moorrng 
commun ications, power, and control protocols are 
descr ibed by Chavez et al. (1997). 
T No subsur face moorings, S2 and S3 
(adjacent to M2 and M3, respect ively). support 
sed iment traps and current-m easurrng mstru· 
ments While these moonngs are not funded by 
NOPP . they are part of a closely related project 
involving both MBARI and NPS : data rnterpretatron 
and analys swi ll be integrated ·.v1th1n ICON. 
MBARI engrneers and sc ientists have been 
working to so1ve problems re'ated to powe r and 
fo 1.Jmg .v,th the goal of one-ye ar. unattended 
moor r g m1ssrons. HOBI Labs engineers have 
added new optrcal sensors . inc luding spectral 
radiometers . to moo nng M 1 and they have 
deve loped brand new rnstrume ntat 1on . nclud 1ng 
opttcaJ backscatter sensors, lo be deployed on 
rrioonng M4. HOBI Labs and MBARI scientists 
share the bio-opl ical data analysis responsrb1l,ties. 
In para llel wrth these engrneerrng actrvrt1es, 
ICON funding has allowed NPS scientists to 
develop a data qua ity con trol protocol for the 
moored meteorological and physical oceano• 
graphic measurements, and 10 make recommen• 
datrons on samplfng strategies and instrument 
modif icat ions and substitutions . All raw data are 
arch ived at MBARI, while an automated script 
transfers data to NPS at hourly intervals . One lull-
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I 
time research associate has been hired at NPS to 
work on this task. 
The ICON HF radar component builds on the 
three-site network used previously around 
Monterey Bay (Paduan and Rosenfeld. 1996; 
Paduan and Cook, 1997). The network consisted 
of Coastal Ocean Dynamics Applications Radar 
(CODAR)-type systems called SeaSondes 
deployed at sites in Santa Cruz, Moss Landing, 
and Monterey (Figure 1 ). These systems are 
manufactured by ICON partner Codar Ocean 
Sensors, Ltd. Today, the HF radar network has 
been augmented by two Multi-Frequency Coastal 
Radar (MCR) systems at Santa Cruz and Moss 
Landing. These systems were developed by 
ICON partners at the University of Michigan. A 
third MCR will soon be deployed at Granite 
Canyon, while the Moss Landing SeaSonde will be 
moved to Pt Sur to extend the coverage south of 
Monterey Bay (Figure 1 ). The MCR systems, 
particularly the pair in Monterey Bay, have the 
advantage of providing surface wave information 
because they utilize linear receiving arrays. The 
SeaSondes, on the other hand, have the advan-
tage of superior range. In some parts of the ICON 
domain, vector current maps wilt be constructed 
by combining SeaSonde and MCR data. 
All of the HF radar instruments are (or will be) 
remotely accessible by direct Internet connections 
or packet radio links. Data are being archived and 
processed hourly at CSUMB where one full-time 
research associate has been hired to oversee 
theseJtasks. 
The ICON acoustic tomography component 
measures the upper ocean thermal structure and 
heat content in real time along two offshore tran-
sects. This is possible because of the unique cap-
abilities of the NPS Ocean Acoustic Observatory 
(OAO}. which maintains a cabled hydrophone 
array offshore of Pt. Sur. For this project. low-
power transducers were deployed on Davidson 
and Pioneer Seamounts in July 1998 and January 
1999. respectively (Figure 1 ). 
4. PROGRESS 
We have made significant progress to date on 
providing easy access through a single interface to 
all the ICON real-time data sources. While most 
of the member institutions (NPS, MBARI, CSUMB, 
MSU, UM) maintain their own web sites presenting 
views of the parts of the ICON system they are 
responsible for, they are all linked through a 
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central site at: www.oc.nps.navy.mil/-icon/ . 
This site is continually undergo ing improvement, 
a:id we are currently working with a professional 
web site designer to optimize effic iency, ease of 
user interaction, and aesthetics. 
NOPP funding has allowed us to hire several 
full-time individua ls who have vastly improved the 
ease of availability of the real-time data and who 
monitor the data quality daily. This has led to 
numerous improvements in the data collection 
since malfunctions are now spotted soon alter 
they occur. Some of these can be addressed 
almost immediately by sending commands to the 
moorings or radar sites via the Internet, modems, 
or packet radio; but, unfortunately, due to ship 
schedules. weather, and equipment and personnel 
availability, some problems still take days to 
months to remedy. 
We have implemented several quality control 
steps on the real-time physical oceanographic and 
meteorological data. including timing checks, 
bounds checks, bi-weighted standard deviation 
noise rejection (Lanzante, 1996), compar isons 
with shipboard CTD casts, and (buddy) checks for 
redundant sensors. Additional steps based on 
correlation values and percentage of good pings 
are performed on the ADCP data. An example of 
the automated web display and error flagging for 
air temperature measurements on mooring M3 are 
shown in Figure 2. Electrical interference between 
the solar charging circuit and the sensor produce 
an extreme amount of noise 1n this record. 
The real-time displays allow all the partners to 
see all the project data. This ias the advantage of 
allowing many sets of eyes to catch potential 
problems. In this way. we have been able to 
identify some legacy problems and correct them 
by changing sampling schemes. The web-based 
displays also make it possible to discuss on-go ing 
events and problems with everyone looking at the 
same thing at the same time. 
One example of a historical problem that was 
uncovered and mitigated because of the real-time 
data scrutiny relates to the use of downward· 
looking ADCPs on surface-moorings. This is not 
the ideal way to measure currents due to the 
problems associated with surface wave contamin-
ation. While we have not been able to eliminate 
these problems entirely, we have optimized the 
sampling scheme given the limitations on power, 
to produce what we think is the best possible 
measurement and we have characterized the 
errors associated with that. We have eliminated 
the use of the tilt sens ors and are pmging more 
frequent y. and over a longer ensemb e. than 
previous ly. On the bas ,s of our experience w,th 
the three MBARI moor ngs a ready In the water at 
the start of ICON. we have made suggest ons for 
hardware improvements . nclud ng increasing the 
ADCP memory and power, which are berng 
imp emented for M4 and the redeployment of M 1. 
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Figure 2. Web display of arr temperature from 
mooring M3 showing normal diurnal fluctuations 
plus noise flagged by the QC algorithm {symbols). 
Progress related to measurements from the 
HF radar network includes better access to 
archival data, new tools for display and analysis, 
and expanded deployments. L ke the moor ,ng-
based efforts. HF radar processing has focused on 
an existing data base as well as on the issues 
related to real lime data collection and qual ty 
control. Hourly and daily averaged maps are 
available on lrne for Monterey Bay from the three-
site SeaSonde network These d sp lays have 
greatly helped to !rack l"etwork performance and 
problems. Surface current data from these instru -
ments Is also available dating back to July 1994. 
The multi-year historical data has been used to 
create stat•st1cal correlat 1on functions that will, m 
turn . be used to assimi late real time data into the 
m.Jmencal model (Shulman et al., this volume) . 
The need to easily share HF radar data 
among ICON partners and other collaborators has 
motivated the development of a MATLAB -based 
HF radar toolbox called HFRadarmap. These 
routines process and display vector currents 
based on radial current input from an arbitrary 
number of HF radar sites. Although this toolbox is 
be ing deve oped at NPS, it Is being shared and 
improved by severa l groups around the country 
working with HF radar data . An example of 
surface currents in Monterey Bay is shown in 
F gure 3. The data is displayed within a MATLAB 
viewer deve oped at UC , Santa Barbara (L. 
Washburn , pers . Comm.) and general ized for use 
in HFRadarmap by ICON programmers . 
With regard to the unique attempt to use 
acoustic tomography as a source of real time data, 
results are aiso encouraging. For any tomo-
graph ic inversion to be successful, three 
conditions must be met: 1) distinct arrivals must be 
present 1n the received transmissions , 2) the 
arrivals must be stable over time, and 3) each 
arrival must be associated with a predicted 
acoustic ray path. To test these conditions, the 
transducers were programmed to transmit very 
frequently (every thirty minutes) during the first 
month . (The normal duty cycle after the rn tIal 
month includes four transmissions per day in order 
to reso ve tidal variability.) Arrival lime structures 
during the first month are shown for the Davidson 
Seamount path in Figure 4. Clearly. the first two 
conditions for tomographic invers ions have been 
met for these transmissions. lnllial environmental 
modeling has been performed to identify the likely 
transmission paths associated with these struc-
tures and ship-based hydrographic data will be 
used to confirm these ray paths on a seasonal 
bas is The next phase of development will be to 
invert !hrs 1nformat1on for mean temperature and 
thermoclire depths along this path as we•t as the 
onger oath to Pioneer Seamount. 
5. PROBLEMS 
Like all sc1entrl c efforts. we have expePenced 
prob lems that were not predicted at the outset. 
The amount of time requIrerJ to develop and 
dep oy mstruments was clearly underestimated. 
The ma1or new systems. moorrng M4 and the 
extended HF radar sites, have fallen about lour 
months behind schedule . For the HF radar sites. 
the logist1ca' effort involved with securing power 
communtcatIons. and permissions , to install instru-
ments at remote coastal locations Is substantial. It 
should be measured in months. rather than in 
days or weeks . Likewise, siting and perm1ts hav& 
been an issue for the additional radio repeater 
antenna needed to communicate with M4. 
Some of the M4 delay has been due to 
improvements that were incorporated follow ng 




scrutiny of data from the exisfng moorings. These 
include a change from a propeller and vane type 
anemometer to a sonic one, and the addition of an 
external battery pack for the ADCP. This delay 
should, therefore. be considered one of the early 
successes of the ICON partnership. 
The most persistent problems with the 
mooring systems involve the real time communi-
cations, in particular the transmission of temper-
ature and conductivity data from the Sea-Bird 
MicroCATs. While these instruments record data 
internally, the transmission of that data to the 
topside controller is intermittent at best. Each 
MicroCAT has an inductive modem attached to the 
mooring wire, while a toroidal inductive coupler at 
the top of the wire transfers data to the OASIS 
controller. Where the problem lies is still 
unknown. However, to our knowledge, the toroidal 
inductive couplers have not been previously used 
on surface moorings and are a likely failure point. 
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Furthermore. radio interference has limited con-
nections to the most remote mooring, M3, to the 
,•gr,ttme hours. 
In genera l, the lime required to track multiple 
sensors on remote platforms was underestimated . 
Daily inspection of the data streams is needed to 
discover problems early. It is also clear that, 
unless the scientific end user is involved with the 
real time data collection, then problems will go 
undetected and data quality and recovery will be 
reduced. Effective communications are critical to 
convey problems when they are discovered, and 
to send notification of changes, since modifica-
tions to software or firmware by one partner have 
ripple effects on others. Finally, due to vandalism, 
calibration issues, and normal wear and tear, it 
may not be possible to achieve continuity of real-
time data for all variables over a one year 
deployment without increasing maintenance visits 
and/or deploying redundant sensors. 
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Figure 3. Hourly surface current map from the MATLAB HFradarMap toolbox viewer. Afternoon sea 
breeze-driven onshore flow can be seen in the center of Monterey Bay along with offshore flow and 
strong convergences around the Monterey Peninsula to the south. 
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Figure 4. Peak arrival variability for the Davidson 
Seamount-Sur Ridge acoustic path during initia l 
high sampling rate (30-minute) period. 
6. PLANS 
In addition to completing the new instrument 
dep loyments, we plan to extend the progress 
made in several important ways. Firstly, data 
integration efforts will take place to produce hybrid 
displays that combine data from the moorings, HF 
radars, and sateUite sensors In real time . In this 
way, the real time web products w ill begin to 
bridge the gap between data quality control and 
new data analysis tools. 
Extens,ve hydrographic cruises are planned in 
the next few months to support m1t1a izat1on of both 
mode l and acoustic tomography he lds. The 
planned station local ans for the upcoming cruise 
in August 1999 are shown in F Igure 5. These data 
wi ll also be used to relate mass transports across 
the hydrophone cable to voltage drops . Improved 
telephone commun cations and GPS -based 
network hm.ng al the OAO •,•1 1 be explo ited to 
reduce data drop outs. 
A s1gnrhcant program enhancem ent has been 
funded to deploy a mooring w1th1n Monterey Bay m 
Septembe r 1999 to measure wmd stresses and 
directional wave spectra. These data will be used 
to test HF radar-denved surface wave estimates 
and the effect of Stokes drft on HF radar current 
measurements. 
Most importantly . efforts will be accelerated to 
combine ICON data with the numerical model. In 
particular, vertica l structure informa tion from the 
moorings will be used along with the horizonta l 
correlation functions from the historica l HF radar 
data to test surface HF current data assimi lialion 
;;c ames. Assimilation of tomographic data will 
also be evaluated . A critical 1r.0N component, 
collection and modeling of new bio-opt1cal data. 
has not been high lighted here. but will be a maior 
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survey. 
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